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Impact of Non-standard Interactions on Neutrino-Nucleon Scattering
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1 Theoretical Physics Section, University of Ioannina, GR-45110 Ioannina, Greece
Non-standard neutrino-nucleon interaction is formulated and explored within the energy range of
quasi-elastic scattering. In particular, the study focuses on the neutral-current elastic (anti)neutrino
scattering off nucleons described by the exotic reactions να(ν¯α)+n→ νβ(ν¯β)+n and να(ν¯α)+ p→
νβ(ν¯β)+p, which provide corrections to the dominant Standard Model processes. In this context, it
is shown that the required exotic nucleon form factors may have a significant impact on the relevant
cross sections. Besides cross sections, the event rate is expected to be rather sensitive to the
magnitude of the lepton-flavour violating parameters resulting in an excess of events. The overlap
of non-standard interactions and strange quark contributions, in the region of few GeV neutrino
energies, is also examined. The formalism is applied for the case of the relevant neutrino-nucleon
scattering experiments (LSND, MiniBooNE, etc.) and motivates the notion that such facilities have
high potential to probe NSI.
I. INTRODUCTION
Neutrinos are among the most elusive particles in na-
ture and in order to investigate their properties [1, 2]
various terrestrial detectors have been built [3]. These
ghostly particles fill the whole universe and reach Earth
coming from the sun (solar neutrinos), from supernova
explosions (supernova neutrinos) and from many other
celestial objects (e.g. black hole binary stars, active
galactic nuclei, etc.) [4]. The majority of them pass
through Earth and through the nuclear detectors, de-
signed for such purposes, without leaving any trace or
signal [5]. This is mostly due to the fact that neutrinos
interact very weakly with matter [6, 7]. For the inves-
tigation of neutrino-matter scattering, it is feasible to
employ powerful accelerators operating at major labo-
ratories such as Fermilab, J-Park, CERN, etc. These
facilities can produce intensive neutrino beams of which
a tiny fraction can be detected by novel detectors placed
in the beam line (e.g. COHERENT experiment at Oak
Ridge [8], TEXONO experiment in Taiwan [9], νGeN [10]
and GEMMA [11] experiments in Russia and CONNIE
project in Brazil [12, 13]).
On the theoretical side, phenomenological models
within and beyond the standard electroweak theory come
out with theoretical predictions for many aspects of neu-
trinos in trying to understand their properties and in-
teractions [14], and propose appropriate neutrino probes
for extracting new experimental results [15–17]. Cur-
rent important areas of research concern the neutrino
masses [18], neutrino oscillations [19, 20], neutrino elec-
tromagnetic properties [21–25], and so forth, their role in
the evolution of astrophysical sources such as the sun or
supernovae [26–28], their impact on cosmology (e.g. in
answering the question of the matter-antimatter asym-
metry of the universe) and others.
The neutral-current elastic (NCE) and charged-current
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quasi-elastic (CCQE) scattering of neutrinos with nu-
cleons and nuclei constitute examples of fundamen-
tal electroweak interactions within the Standard Model
(SM) [29], which, despite their relative simplicity, are
presently not well-understood. The first attempts of ex-
perimentally measuring the cross sections of the latter
processes resulted in a discrepancy [30–32] with the pre-
dictions of the widely used relativistic Fermi gas (RFG)
model [33–37]. There has been much effort towards quan-
tifying this disagreement (between theory and experi-
ment), mainly in terms of the nucleon electromagnetic
form factors at intermediate energies [38, 39], while other
works focus on the study of the potential contribution of
the strange components of the hadronic current [40–43].
Over a decade ago, an anomalous excess of events has
been reported by the LSND experiment in searching for
νµ → νe oscillations [44]. Recently, in the MiniBooNE
neutrino-nucleon scattering experiment, an unexplained
excess of electronlike events, ∆N = 128.8± 20.4± 38.3,
has been observed in the reconstructed neutrino en-
ergy range 200 ≤ Eν ≤ 475 MeV [45–49]. To inter-
pret these data, some authors [50] argued that the RFG
model is insufficient to accurately describe the neutrino-
nucleon interaction in nuclei embedded in dense me-
dia [50], while other authors paid special attention to the
final state interaction (FSI) effects [51–53]. Furthermore,
this anomaly has triggered the intense theoretical inter-
est and towards its explanation several models have been
proposed [54, 55] including also those addressing heavy
Dirac or Majorana neutrino decay [56, 57], the existence
of sterile neutrinos [58] and others.
Historically, nucleons and nuclear systems have been
extensively employed [59, 60] as microlaboratories for ex-
ploring open neutrino properties through charged- [61]
and neutral-current interaction processes [62]. The lat-
ter involve both the vector and the axial vector com-
ponents of the weak interactions [63, 64]. Thus, such
probes are helpful for investigating the fundamental in-
teractions of neutrinos with other elementary particles
at low, intermediate and high energies [65]. For the case
of neutral-current coherent elastic neutrino scattering off
complex nuclei, a detailed analysis focusing on possible
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FIG. 1. Diagrams of non-standard neutrino-nucleon interactions for neutral-current (left) and charged-current (right) processes.
alterations of the expected event rates due to the exis-
tence of non-standard interactions (NSI) was performed
in our previous works [66–68].
Motivated by the latter, in this paper, we explore the
possibility of probing exotic neutrino processes in the
relevant experiments. Thus, within the framework of
NSI [69] (for a review, see Refs. [70, 71]) we consider
the NCE scattering of the following neutrino-nucleon re-
actions
να(ν¯α) + n→νβ(ν¯β) + n , (1)
να(ν¯α) + p→νβ(ν¯β) + p , (2)
where α, β = {e, µ, τ} denote the neutrino flavour.
Specifically, for the case of the MiniBooNE processes, we
concentrate on the channels where α = µ and β = e (for
NSI scattering involving tau neutrinos, see Refs. [72, 73]).
In the present study, the magnitude of the proposed novel
interactions is given in terms of the adopted NSI nucleon
form factors as functions of the four-momentum transfer.
In our effort to explore potential NSI neutrino-nucleon
interactions, as a first step, we focus only on the NSI
Feynman diagrams depicted in Fig. 1 where, for com-
pleteness, the corresponding diagrams involving charged-
current (CC) processes are also included.
II. NEUTRAL-CURRENT NON-STANDARD
NEUTRINO-NUCLEON INTERACTIONS
In the present work, the assumed NSI operators are
effective four-fermion operators of the form [70]
O = (f¯1γµPf2) (f¯3γµPf4)+ h.c. , (3)
with fi, i = 1, 2, 3, 4 being the SM fermion fields and
P = {L,R} denoting left- and right-handed projec-
tors. Specifically, for neutral-currents one has neutrino-
induced NSI with matter of the form [69]
OfPαβ = (ν¯αγµLνβ)
(
f¯γµPf
)
+ h.c. , (4)
with f denoting a first generation quark q = {u, d}.
A. Neutrino-nucleon cross sections within and
beyond the SM
The calculations of the neutrino-nucleon cross sections
start by writing down the nucleon matrix elements of the
processes (1),(2) in the usual V −A form, as
M = iGF
2
√
2
jµ〈N |JµZ |N 〉
=
iGF
2
√
2
ν¯αγµ (1− γ5) νβ〈N |JµZ |N 〉 ,
(5)
where jµ denotes the leptonic neutral-current, GF the
Fermi coupling constant and |N 〉 represents the nucleon
wavefunction. In the latter expression, 〈N |JµZ |N 〉 is the
hadronic matrix element that is (after neglecting the
second class currents and the contribution of the pseu-
doscalar component) expressed in terms of the known
nucleon form factors as [7]
〈N |JµZ |N 〉 = 〈N |FNC:p(n)1 (Q2)+FNC:p(n)2 (Q2)
iσµνqν
2mN
+F
NC:p(n)
A (Q
2)γµγ5|N 〉 .
(6)
In Eq. 6, F
NC:p(n)
1 (Q
2), F
NC:p(n)
2 (Q
2), F
NC:p(n)
A (Q
2)
stand for the Dirac, Pauli and axial vector weak neutral-
current form factors, respectively, for protons (p) or neu-
trons (n) [1].
Relying on the above nucleon matrix elements, within
the relativistic Fermi gas (RFG) model, the SM differ-
ential cross section of reactions (1) and (2) for incoming
(anti)neutrino energy Eν has been written as [29]
dσ
dQ2
=
G2FQ
2
2πE2ν
[
A(Q2)±B(Q2)W + C(Q2)W 2] . (7)
In the above expression, the plus (minus) sign ac-
counts for neutrino (antineutrino) scattering while the
momentum-depended function, W (Q2), reads [41]
W =
4Eν
mN
− Q
2
m2N
, (8)
3where the four-momentum transfer is defined in terms of
the nucleon recoil energy TN , as
q2 = qµq
µ = −Q2 = −2mNTN . (9)
For the nucleon mass, mN , we assume the value mp ≈
mn = mN = 0.938 GeV.
Before proceeding to the cross sections calculations, for
the reader’s convenience, we provide below some signifi-
cant details on the aforementioned expressions A, B and
C that depend on the form factors F
NC:p(n)
i , i = 1, 2, A.
The functions A(Q2), B(Q2) and C(Q2) are defined
as [42]
A(Q2) =
1
4
{(
F
NC:p(n)
A
)2
(1 + τ)
−
[(
F
NC:p(n)
1
)2
− τ
(
F
NC:p(n)
2
)2]
(1− τ)
+ 4τF
NC:p(n)
1 F
NC:p(n)
2
}
,
(10)
B(Q2) = −1
4
F
NC:p(n)
A
(
F
NC:p(n)
1 + F
NC:p(n)
2
)
, (11)
C(Q2) =
m2N
16Q2
[(
F
NC:p(n)
A
)2
+
(
F
NC:p(n)
1
)2
+ τ
(
F
NC:p(n)
2
)2]
,
(12)
where their explicit Q2 dependence has been suppressed
and τ = Q2/4m2N .
In principle, the electromagnetic Dirac and Pauli form
factors are written in terms of the well-known electric (E)
and magnetic (M) form factors as follows [1]
F
EM:p(n)
1 =
G
p(n)
E (Q
2) + τG
p(n)
M (Q
2)
1 + τ
,
F
EM:p(n)
2 =
G
p(n)
M (Q
2)− τGp(n)E (Q2)
1 + τ
.
(13)
In this work, the magnetic form factors are parametrised
as [39]
G
p(n)
M
µp(n)
=
1 + aM
p(n),1τ
1 + bM
p(n),1τ + b
M
p(n),2τ
2 + bM
p(n),3τ
3
, (14)
where µp(n) denotes the proton (neutron) magnetic mo-
ment. The proton electric form factor in a similar manner
can be cast in the form [26]
G
p(n)
E =
1 + aEp(n),1τ
1 + bE
p(n),1τ + b
E
p(n),2τ
2 + bE
p(n),3τ
3
, (15)
(for the fit parameters, a
M(E)
p(n),1 and b
M(E)
p(n),j , j = 1, 2, 3,
see Ref. [39]). The electric neutron form factor, GnE, is
expressed through the Galster-like parametrisation, as
GnE(Q
2) =
λ1τ
1 + λ2τ
GD(Q
2) , (16)
with λ1 = 1.68 and λ2 = 3.63.
B. NSI nucleon form factors
As it is well known, within the SM, the weak NC Dirac
and Pauli form factors are written in terms of the electro-
magnetic current form factors FEMi , i = 1, 2 [assuming
the conserved vector current (CVC) theory] [1]. In the
present work, we furthermore consider additional con-
tributions originating from NSI that enter through the
vector-type form factors εqVµe (Q
2). In our parametrisa-
tion, the latter are written in terms of the fundamental
NSI neutrino-quark couplings ǫuVµe (ǫ
dV
µe ) for u (d) quarks
discussed in Refs. [66–68], and they take the form
εpVµe (Q
2) = (2ǫuVµe + ǫ
dV
µe )GD(Q
2) ,
εnVµe (Q
2) = (ǫuVµe + 2ǫ
dV
µe )GD(Q
2) .
(17)
In the spirit of previous studies which consider the
strangeness of the nucleon [41, 42], the above NSI form
factors may have the same momentum dependence as
those of the SM ones. Thus, the function GD(Q
2) is
assumed to be of dipole type
GD =
(
1 +
Q2
M2V
)−2
, (18)
(for the vector mass a commonly used value is MV =
0.843 GeV). A dipole approximation for GD(Q
2), apart
from providing the appropriate momentum dependence,
ensures also that the event rate coming out of NSI has
the correct behaviour at high energies [40]
Then, the weak neutral-current nucleon form factors
for protons (plus sign) and neutrons (minus sign) em-
ployed in our present calculations read
F
NC:p(n)
1,2 (Q
2) =
τ3
2
[
FEM:p1,2 (Q
2)− FEM:n1,2 (Q2)
]
− 2 sin2 θWFEM:p(n)1,2 (Q2)
− 1
2
F
s:p(n)
1,2 (Q
2)
+ τ3ε
p(n)V
µe (Q
2) .
(19)
In the latter expression the isoscalar form factors F
s:p(n)
1,2
account for potential contributions to the electric charge
and the magnetic moment of the nucleon due to the pres-
ence of strange quarks (in our convention the isospin in-
dex τ3 is +1 for proton and -1 for neutron scattering).
However, throughout our calculations, on the basis of
the recent results from the HAPPEX experiment [43],
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FIG. 2. Comparison of the SM and NSI nucleon form factors
employed in the present study (for details, see the text).
we take F
s:p(n)
1,2 = 0 (see also Ref. [52]). Note that, for
low momentum transfer, the form factors discussed in
Refs. [66, 67] are recovered. The effect of NSI on the form
factors is illustrated graphically in Fig. 2, where typical
values have been adopted for the NSI parameters, i.e.
ǫuVµe = ǫ
dV
µe = 0.05 (apparently strange quark contribu-
tions have no impact in this case). Within the present
formalism, the new nucleon form factors are rather sen-
sitive to NSI, even for small values of the fundamental
model parameters, especially for low momentum trans-
fer.
For the case of the axial form factor F
NC:p(n)
A , we cor-
respondingly employed [61]
F
NC:p(n)
A (Q
2) =
1
2
(τ3gA + g
s
A)
(
1 +
Q2
M2A
)−2
. (20)
Here, we used the static axial vector coupling, gA =
−1.267 (it is usually determined through neutron beta
decay). For the strange quark contribution to the nu-
cleon spin, we adopt the static value 2F sA(0) = g
s
A± 0.07
with gsA = −0.15, while for the axial mass we take
MA = 1.049 GeV (i.e. fit II of Ref. [41]). As has been re-
cently discussed in Ref. [54] this set of values is fully com-
patible with the MiniBooNE data, even though a large
value of MA = 1.35 GeV was reported in Ref. [47]. Fur-
thermore, for simplicity, potential axial NSI form factors
are neglected.
III. RESULTS AND DISCUSSION
At first, we calculate the differential cross sections
of Eqs. (7) for the SM (α = β) weak NCE scatter-
ing processes (1) and (2) as well as for the NSI ones
FIG. 3. Differential cross section with respect to the momen-
tum transfer for SM, strange quark and NSI, for νp → νp
(upper panel) and νn → νn scattering (lower panel). For
details, see the text.
(α 6= β), based on Eqs. (17)-(20) (neglecting potential
strange quark contributions, i.e. F
s:p(n)
1,2 = 0 and g
s
A = 0).
The corresponding results are demonstrated in Fig. 3 for
νp → νp scattering (upper panel) and νn → νn scat-
tering (lower panel). For the sake of comparison, the
bands of axial vector strange quark contributions calcu-
lated within gsA ± 0.07 and those of NSI contributions
within the range ǫqVµe = (−0.05, 0.05) with q = {u, d},
are also depicted. One sees that the resulting strange
quark contributions indicate almost equal cross sections
for proton and neutron scattering, while the presence of
NSI leads to an enhancement of the cross sections for
both νp → νp and νn → νn scattering channels, which
becomes more important at lower energies.
5FIG. 4. Momentum variation of the cross sections ratio for
SM, strange quark and NSI neutrino-nucleon scattering.
From the perspective of experimental physics, it is cru-
cial to reduce most of the background as well as beam
related and systematic uncertainties. Therefore, a rather
advantageous way towards determining the strange or
NSI parameters is to perform measurements of the ratio
of the NCE cross sections
R =
dσp/dQ
2
dσn/dQ2
. (21)
In this context, Fig. 4 illustrates a comparison of the ob-
tained bands for the ratio R assuming neutrino-nucleon
scattering in the presence of strange quarks or potential
NSI. One notices that R varies between 0.75 and 1.20
when axial vector strange quark contributions are taken
into account, while for the case of NSI the ratio is sig-
nificantly lower, i.e. it lies between 0.55 and 0.8. It is
furthermore shown that, unlike the strange quark case,
the SM result for R lies within the predicted NSI band.
Focusing on the relevant experiments, in order to per-
form reliable calculations, important effects that origi-
nate from the Pauli principle must be taken into account
(Fermi motion of the initial nucleons). Specifically, for
the case of nucleons bound in nuclear matter, within the
Fermi gas model, it is adequate to multiply the free cross
section given in Eq. (7) with a suppression factor S(Q2).
The latter accounts for the Pauli blocking effect on the
final nucleons in a local density approximation [62], and
is given by the expression [29]
S(Q2) = 1−D(Q2)/N , (22)
where N is the number of neutrons of the nuclear target.
Assuming a carbon target, 12C, D(Q2) takes the form
D(Q2) =

A/2
[
1− 3/4 |q|
pF
+ 1/24
(
|q|
pF
)3]
, |q| < 2pF ,
0, |q| > 2pF ,
(23)
with the Fermi momentum pF = 0.220 GeV (for its defi-
nition, see Refs. [61, 65]) and |q| being the magnitude of
the three-momentum transfer. Within this framework,
the total cross section may be evaluated through numer-
ical integration of the differential cross section (7) as
σ(Eν) =
∫ Q2
max
(Eν)
0
S(Q2)
dσ
dQ2
dQ2 . (24)
For NCE scattering, the kinematics of the process provide
the approximate upper limit of the momentum transfer
Q2, as
Q2max(Eν) =
4mNE
2
ν
mN + 2Eν
. (25)
The obtained results are demonstrated in Fig. 5 for pro-
tons and in Fig. 6 for neutrons for the case of (i) free
nucleon scattering, that is, on a hydrogen atom (upper
panel), and (ii) medium scattering, that is, for bound
nucleons within a carbon atom (lower). As expected, for
both SM and NSI, the obtained integrated cross section
for the νn process is much larger than that of the νp re-
action. Apparently, one also notices that the NCE cross
sections, for both νp→ νp, νn→ νn scattering channels,
are enhanced when potential nonzero NSI are assumed.
For the case of neutrino-proton scattering, the considered
axial vector strange quark effects dominate the total cross
section. On the other hand, focusing on neutrino-neutron
scattering, the assumed strangeness of the nucleon leads
to a suppression of the total cross section. Eventually,
we find that the resulting strange quark and NSI bands
overlap only for νn processes.
At this point, we find it interesting to focus our dis-
cussion on the MiniBooNE experiment and apply the
addressed NSI model. Thus, by convoluting the en-
ergy distribution of the MiniBooNE neutrino beam with
the NSI cross section of Eq. 7, we evaluate the flux-
integrated differential NSI neutrino-nucleon cross sec-
tions 〈dσp,n/dTp,n〉, through the expression
〈dσp,n
dTp,n
〉 =
∫
S(Q2)
dσ
dQ2
(Eν , Q
2)Φν(Eν)
× δ
(
Q2
2mN
− Tp,n
)
dEνdQ
2 ,
(26)
where the utilised muon neutrino flux, Φν(Eν), is nor-
malised to unity. The results are illustrated in Fig. 7,
where it is clearly shown that the nuclear effects become
important at low recoil energies. More specifically, for
NCE scattering on free nucleons (e.g. for a hydrogen
target) the cross section is significantly larger and con-
stantly increasing for low nucleon recoil energies. On
6FIG. 5. Total integrated νp→ νp scattering cross section as a
function of the incoming neutrino energy due to SM, strange
quark and NSI scattering. The results refer to scattering on
free protons (upper panel) and scattering on bound protons
i.e. assuming nuclear effects at a 12C detector (lower panel).
the contrary, for the case of bound nucleons within the
carbon target material, 12C, the behaviour of the cross
section changes drastically at low recoil energies and its
value minimises for energies . 100 MeV. As for the total
integrated cross sections discussed previously, our results
show an overlap between the obtained strange quark and
NSI bands only for the processes involving νn→ νn scat-
tering.
We finally test the compatibility of the employed NSI
scenario with recent results from the LSND and Mini-
BooNE experiments. To this aim, concentrating on
neutrino-nucleon scattering on a mineral oil (CH2), the
FIG. 6. Same as Fig. 5 but for νn→ νn scattering.
folded differential cross section reads [47]
〈dσN
dTN
〉 = 1/7〈dσ
H
p
dTp
〉+ 3/7〈dσ
C
p
dTp
〉+ 3/7〈dσ
C
n
dTn
〉 . (27)
Then, we evaluate the number of conventional and NSI
events as a function of the nucleon recoil energy, TN ,
by assuming a CH2 detector (i.e. the detector material
of the LSND and MiniBooNE experiments) through the
expression
Nevents = a(TN )
∫
NNNPOT〈dσN
dTN
〉dTN . (28)
In order to confront our present results with the recent
MiniBooNE data, we assumed the following experimen-
tal quantities: the utilised muon neutrino flux, Φν(Eν),
is normalised to the protons on target (POT) with NPOT
7FIG. 7. Differential cross section as a function of the nucleon
(proton or neutron) recoil energy due to SM, strange quark
and NSI. Modifications due to the employed nuclear effects
are illustrated and compared with the case of scattering on
free nucleons.
denoting the number of POT in the data [46] and a(TN )
denoting the detector efficiency taken from Ref. [49]. The
number of nucleon targets in the detector is evaluated
as NN = NA 43πR3ρoil, where the density of mineral oil
is ρoil = 0.845 gr/cm
3 at 20 oC [48] and NA the Avo-
gadro’s number. The fiducial volume cut of the detector
is adopted from Ref. [47]. Figure 8 illustrates the num-
ber of events as a function of the nucleon kinetic energy,
TN , obtained within the context of the SM, as well as
by assuming potential contributions to the rate arising
from strange quarks or NSI (for a comparison with the
MiniBooNE experimental results, see Ref. [47]). The ob-
tained excess of events becomes significant for low recoil
FIG. 8. Expected number of events as a function of the nu-
cleon recoil energy TN assuming contributions due to the SM,
strange quark and NSI.
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FIG. 9. Allowed region in the (ǫuVµe −∆s) plane at MiniBooNE.
The best fit point is shown by ⋆.
energies, reflecting the dipole character of the form fac-
tor GD(Q
2) that enters the definition of the NSI nucleon
form factors given in Eq. (17).
Motivated by our previous studies, we consider it in-
teresting to estimate the sensitivity of MiniBooNE to
non-standard interactions, through a χ2 fit analysis. By
varying one NSI coupling at a time and by neglecting
potential strange quark contributions, the minimisation
of the χ2(ǫuVµ ) function provides constraints on the NSI
parameters of the order of ǫdVµe ≈ ǫdVµe = 0.05. Further-
more, in order to explore the overlap of strange quark and
8NSI contributions that enter the NCE scattering cross
section of Eq. 7, a two parameter combined analysis is
performed. By simultaneously varying the strange quark
gsA and NSI ǫ
uV
µe (setting ǫ
dV
µe = 0) parameters, the min-
imisation of the χ2(ǫuVµe ,∆s) yields the contours in the
parameter space (ǫuVµe − ∆s) shown in Fig. 9, at 68%,
90% and 99% C.L. These results indicate strongly that
current neutrino-nucleon experiments are favourable fa-
cilities to provide new insights and to put severe bounds
on non-standard interaction parameters.
IV. SUMMARY AND CONCLUSIONS
In the present work, focusing on the NCE neutrino-
nucleon scattering, potential corrections to the SM cross
sections that arise from strange quark contributions and
non-standard neutrino-nucleon interactions are compre-
hensively investigated. In this context, the possibility of
probing the relevant model parameters is explored. Fur-
thermore, special effort has been devoted towards explor-
ing the overlap of possible contributions due to strange
quarks and NSI. The study involves reliable calculations
of the differential and total neutrino-nucleon cross sec-
tions by taking into account important nuclear effects
such as the Pauli blocking. Within this framework, the
NSI contributions originate from the respective nucleon
form factors and adopt dipole momentum dependence,
while the corresponding cross sections are rather sensitive
to the magnitude of the NSI. The latter have a significant
impact on the expected number of NCE neutrino-nucleon
events and lead to an enhancement of the rate, which may
be detectable by the relevant experiments (e.g. Mini-
BooNE), even for small values of the flavour changing
parameters. It is furthermore shown that possible mea-
surements of the ratio of the NSI cross sections for the
νp process over the νp one offer a unique research path
to probe NSI.
We stress, however, that the above results refer to
forward NSI scattering and thus they do not reproduce
accurately the reported MiniBooNE anomaly where an
isotropic excess of events was found coming either from
electrons or from converted photons. In addition, the
NSI contribution would be small if the “standard” value
of possible NSI contributions is chosen. Moreover, in
this case, the recoiling protons within the mineral oil
are likely to have velocity below the Cherenkov thresh-
old and therefore cannot reproduce the Cherenkov ring.
On the other hand, the presence of potential nonstan-
dard neutrino-nucleon events may be compatible with the
LSND anomaly which did not rely on Cherenkov radia-
tion.
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